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Abstract 
Mixed reality (MR) systems provide an immersive virtual environment where the gap between real and virtual world is 
minimal. Current MR applications use fixed display to create this environment. However, the environment is never fixed 
in real world and it is difficult to achieve this non-static environment using traditional MR frameworks. Therefore, in this 
paper, an efficient multi-display MR system is proposed. The proposed system uses moveable displays to create 
dynamically changing immersive virtual environment. An agent-mediator based framework is used for communication in 
which a mediator is connected to several agents. Mediator administers the position of display and synchronizes the view 
across all agents. Agents gather interaction data from user which is passed to mediator. Moreover, distributed graphic 
contents rendering technique is used to efficiently render complex graphical contents. In this technique, mediator divides 
the contents and transmits these to each agent. This division of contents optimises the rendering process on agents, thus 
increasing the efficiency of the MR system. 
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1. Introduction 
Mixed reality (MR) is the integration of virtual and real worlds [1]. Main aim of MR applications is to 
decrease the gap between real and virtual world. Over the years, busy routine of people and hardware cost has 
increased the demand for MR applications, particularly, those providing immersive virtual environment. MR 
is particularly useful for military, travel, medical and educational purposes [2, 3, 4 and 5]. In MR systems, 
large display is needed to create a feeling of immersion [6]. Moreover, single large display can be expensive 
and also the result of single display is not seamless [7]. Creating a virtual environment using multiple displays 
is much more feasible and the resulting environment is seamless and closer to reality. Applications of MR 
with multi-display are currently being used in many fields of life [8]. 
MR systems provide user with an immersive virtual environment closer to reality. Advancement in 
technology has set high standards in every industry, MR is no exception to that. In physical world, the 
environment is never static. When people move from one place to the other in the physical space, the 
surrounding environment is always changing. To emulate this kind of environment in the virtual world, it is 
important that the user does not feel like being in a virtual world. To achieve this target, it is important that the 
virtual environment is also changing as does the real world depending upon user movement. Having static 
display causes hindrance in achieving this advanced aim of MR. Hence, the need of an MR system is 
developed whose display gets changed with user’s interaction. Thus providing the desired virtual environment 
where surrounding is changing depending upon the user movement. 
Current applications of MR systems have fixed typology, i.e., the display and physical surrounding is fixed. 
In addition to having fixed displays, these systems show static content that are displayed in a predefined 
sequence. As discussed earlier, fixed display causes limitations in creating an immersive virtual environment. 
Some examples of such applications are seen in fields like military, entertainment and medicine [9]. These 
MR systems do not have the capacity to handle real time changing contents depending upon user needs. 
Managing real time contents poses a stern difficulty in synchronization of view across multiple displays [5]. 
Demand for more interactive MR systems is increasing, whereas achieving the target is difficult with existing 
fixed display. Moving and adaptive display can open a new trend in MR industry with endless possibilities 
[10]. 
To cope with the above mentioned challenges, this paper presents an efficient adaptive MR system 
consisting of multiple displays. These displays are attached to moveable walls. System under consideration 
provides dynamically changing virtual environment with moveable display. To handle movement of multiple 
displays and the synchronization of contents in real time, an agent-mediator based framework is used [11]. 
This framework consists of mediator and multiple agents. Each agent is attached to a movable display wall. 
Agents gather interaction data from the user and send their respective interaction information to the mediator. 
Mediator acting as the main controller of the system analyzes the interaction data and if needed updates agents 
position. On receiving these instructions, agents change the position of display walls accordingly. Apart from 
managing the position of display walls, mediator is also responsible for the synchronization of contents shown 
on each display. The technique used to manage the contents across multiple displays is partial content 
management technique [8]. Using this technique, mediator distributes the original graphical content across 
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agents depending upon the interaction data. Subsequently, agents display the received contents after rendering. 
The proposed system is discussed in more details in the subsequent sections. 
The rest of the paper is organized as follows. Section 2 presents the proposed system framework. Section 3 
shows the system implementation and its working, and finally Section 4 concludes the paper. 
2. Proposed system 
The proposed system uses dynamic smart media wall (SMW) to change the surrounding environment.  
These SMW contains an HD display, a microphone to listen to user commands, a camera for gesture 
recognition, a speaker for sound effects and a 3D depth sensor. These SMW can slide and rotate [12]. In order 
to control the movement of SMW and to manage synchronization of contents displayed on each SMW, an 
agent-mediator based framework is used. Multiple SMW are placed in a closed room, user enters the room 
facing the SMW. User makes the gesture or gives speech commands to the SMW. Each SMW has an agent 
attached to it. Each agent gathers the user interaction data. Movement of SMW and the synchronization of 
display on SMW controlled using the agent-mediator based communication framework [11]. Proposed system 
displays contents on SMW in real time. In a multi-display system the rendering of complex graphical contents 
is a computationally expensive task. To cater this issue, a technique for distributed rendering across multiple 
displays is used called partial content management technique [8]. A brief explanation of the agent-mediator 
framework and partial content management technique follows. 
The framework used in the proposed system is shown in Fig.1. This is an agent-mediator based framework 
where a mediator is interacting with multiple agents. The agents are connected to SMW called SMA. Each 
agent contains a camera, 3D depth sensor, a microphone and a speaker. These devices are used to gather 
user’s interaction data and also to interact with the user. After gathering the interaction data SMAs forward 
this data to its dispatcher. Dispatcher is the module of agent which sends this interaction data to the mediator. 
Mediator in turn receives this interaction data via its receiver module. The receiver module of mediator after 
gathering the entire interaction data form agent passes it to the processing unit (PU) of the mediator. Main 
tasks of PU are to take the decision about the movement of the agent and to allocate partial content to each 
SMA. PU of mediator takes these decisions after analysing the interaction data sent from SMA. Once an 
output is calculated the resultant partial graphical contents along with movement direction, change is 
forwarded to the dispatcher. The movement information can be null if the agent’s movement is not required. 
Then dispatcher forwards the received data to the respective agent. Agent also receives the data from mediator 
via its receiver module. Receiver module of the agent forwards the data to its PU. PU analyses the data and 
changes the position of SMW if it is indicated in the message. In addition to having the position information, 
the data received from mediator also contains partial contents data. PU of each agent renders these contents 
and displays them on its high definition display. This process continues repeatedly ensuring a smooth and 
synchronized display of contents and the movement of SMW depending upon user interaction input. 
Complex graphical contents rendering is a computationally expensive task. In multi-display MR systems, 
each display has to render the contents before it can be viewed. Hence, if the contents are complex, rendering 
them can deteriorate agent performance, ultimately slowing down the system performance. In the proposed 
system, this issue can be handled by using distributed contents rendering technique. In this technique mediator 
contains the contents. After gathering the interaction data from agents, it divides the contents. These divided 
contents are transmitted to each agent. Each agent than renders the received contents and displays them. This 
process is repeated with each user interaction, hence, keeping the view synchronized among all displays. 
Agent renders only small portion of the total contents hence increasing the system performance. 
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Fig.1. Proposed agent-mediator based communication framework 
3. System Implementation 
This section presents the evaluation of the proposed system. The implemented system is comprised of a 
mediator and five agents connected to a SMW. These SMWs were placed in a closed room with mediator at 
the center. The system setup is shown in Fig.2 (a). The system was tested on various virtual contents created 
by using the content authoring tool (COSMOS) [12]. The snapshot of COSMOS is shown in Fig.2 (b). 
Mediator had all the contents and updated these contents on each agent depending upon the response from 
user. SMW did the swing or slide movement on receiving instructions from the mediator. Fig.2 (c) shows 
mediator view containing all the contents, Fig.2 (e) shows the view of a single agent and Fig.2 (d) presents the 
main panel in mediator showing the view of each agent display. The system was implemented to evaluate the 
efficiency of the proposed system. It was tested using varieties of contents and with different inputs from the 
user. 
The system performed seamlessly, creating an immersive virtual environment. The display on each 
moveable SMW was synchronized. This synchronization and the movement of SMW were controlled by the 
mediator. Moreover, mediator kept updating the contents and the position of the agent. The distributed 
contents rendering elevated the system performance, giving more realistic feeling of the environment. The 
system is scalable, i.e., is capable to work with any number of agents.  
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Fig.2. Experimental setup and System preview
4. Conclusion 
In this paper, a multi-display based mixed reality system is presented. The proposed system used moveable 
walls to create an immersive virtual environment. The communication within the system was performed using 
an agent-mediator based communication framework. The system comprised of multiple agents connected to a 
centralized mediator. The synchronization of view and the movement of display were managed by the 
mediator. The result of the system implementation was a seamless and computationally cost effective system. 
The system had the capacity to add any number of displays making it scalable. Such MR systems can be used 
in many fields of life. Moreover, with moveable display the environment created by the system feels realistic. 
The only issue with the system was the high bandwidth consumption in the network as the contents were 
continuously updated on each agent. This bandwidth consumption can become a major issue when the number 
of agents is larger and the contents are complex and more detailed.  
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